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Introduction and overview
Estimates of marginal willingness-to-pay (MWTP) for risk reduction are of great importance for health policy. An important class of interventions is of the preventive type in the sense that the probability of illness is affected. Traditionally, the means for such measures have come from sources not incorporated in the health budget. Thus, a first use of estimates of willingness-to-pay (WTP) for risk reduction is to help in structuring the public budget across these traditional divisions. Second, within the health domain, an insurer may want to trade off preventive against curative benefits when defining its benefits. Since insureds cannot be forced to take advantage of preventive offers made available by the insurer, considerations of relative effectiveness need to be complemented by WTP estimates indicating whether individuals at risk will actually take advantage of these offers. The present study relates to this second use of WTP measurement. The product in question is a hip protector, i.e. a protective shell worn along with underwear that prevents fracture of the neck of the femur in the event of a fall. One might argue that prevention of falls should take precedence among elderly individuals; however, prevention programs have proved ineffective so far (cf. Gillespie et al., 1997) . This leaves prevention of fracture of the femur, which constitutes a major cause of hospitalization, frequently followed by a loss of autonomy and transfer to a nursing home (cf. Sattin et al., 1990; Cöster et al., 1994; for Switzerland: Hubacher and Ewert, 1997) . The issue is whether a hip protector should be included in the benefit package of social health insurance, and if so, whether it should be exempt from cost sharing. Moreover,
given that lack of interest in a preventive measure may be caused by insufficient information, the question arises as to the precise scope and content of the additional information to be provided.
For determining the WTP for such an innovation, two main instruments are available, contingent valuation (CV) and conjoint analysis (CA). Undoubtedly CV is the standard procedure, typically in the form of closed-ended questions that state an amount to be paid and leave it to respondents to indicate whether they would be willing to pay that amount (cf. Mitchell and Carson, 1989; Portney, 1994) . In CV, the only aspect of the scenario allowed to change is the risk of ill health; the respondent is expected to keep the other attributes of the scenario constant and to aggregate the shadow prices of these attributes to a total value to be compared to the stated amount. Such a mental experiment may prove very challenging to many individuals, however. In actual choice situations it is very rare for only one attribute to change whereas all the others remain constant. Developed for market research (cf. Green and Rao, 1971) , CA seeks to ease the burden of the respondent in three ways. First, the experimenter establishes the relevant attributes of the good or service in question (cf. Ryan, 1995, p. 248f.) . This list of attributes provides a checklist of important aspects that should be accounted for in decision making. In the case of a hip protector, this may be the inconvenience of wearing and unfavorable appearance of the person. Second, CA calls forth a series of explicit trade-offs between attributes. In this way, shadow prices of attributes are elicited, which facilitates the aggregation to a total value by the respondent. Third, the set of attributes to be held constant across scenarios is always well defined.
There are five stages in the design of a CA study (cf. Ryan, 1995; or Backhaus et al., 1996) . In the first stage the key characteristics of the service or good in question are identified.
This can be done using literature reviews, discussions, or a pretest with individual interviews.
In the second stage levels must be assigned to attributes. The levels should be plausible, actionable and capable of being traded off. However, the number of possible scenarios increases exponentially as the number of attributes and levels increases. Accordingly, in stage 3 the possible scenarios are reduced to a number the respondent can cope with. In stage 4 preferences for the scenarios are obtained by surveying individuals. There are three different methods used in the questionnaire design: ranking, rating, or discrete choice between scenarios. Finally, the data is analyzed (stage 5). A utility function specifying the relationship between the attributes is estimated. It permits to establish the relevance of individual attributes, the marginal rates of substitution between them, and the overall utility derived from the good as a whole. If the cost of the product or service is included as an attribute, WTP can be directly estimated.
In market research respondents are usually asked to establish a ranking of alternatives or even rate them cardinally. In economic applications researchers seek to go in the direction of revealed preference by merely asking for comparisons between pairs of scenarios (cf. Ryan, 1995; Ben-Akiva and Lerman, 1985; however, see also Johnson et al., 1998) . In the present study the choice of scenarios boils down to a stated intention to purchase or not to purchase the product (with the reference scenario given by the status quo), moving it still closer to everyday decision situations.
Up to the present, a reduction of risk has rarely figured among the attributes included in CA. Early applications of CA to morbidity risk are Magat et al. (1988) and Viscusi et al. (1991) ; for a more recent contribution, see Gegax and Stanley (1997) . However, all of these studies limit the variation of characteristics to the risk dimension, which makes them similar to CV analysis. The novel feature of the present study is that risk reduction is traded off against three other attributes (including out-of-pocket cost), permitting to estimate MWTP for each attribute as well as WTP for the entire product. Moreover, predictions suggested by economic theory are tested to assess the validity of CA as a method for estimating WTP for risk reduction.
The plan of the paper is as follows: section 2 is devoted to theoretical underpinnings. In particular the indirect utility function in a Lancaster framework is derived. The data base is reported in section 3, where the relevant product attributes are also defined. Section 4 contains a series of specification tests, specifically addressing the linear scaling of product attributes and the form of the indirect utility function. The results are discussed in section 5, where it is found that the MWTP for risk reduction may well increase with income and initial risk, con-firming standard economic predictions. However, average WTP for a hip protector turns out to be negative. The policy implications of these findings are discussed in the final section.
Theoretical background
Conjoint Analysis is derived from Lancaster's theory of demand (Lancaster, 1971) , which posits that the consumer values the quantity of product attributes at his disposal through the purchase of a commodity. Thus, the utility function is given by where Z t is a vector of the attribute values for alternative t from the choice set C at the disposal of the decision maker considered. In the present context, risk reduction is equivalent to one particular element of the attribute vector. Therefore, an indifference curve in attribute space indicates the willingness to sacrifice a valued attribute (or accept more of a bad attribute) in exchange for risk reduction. It can be shown that the properties of this indifference curve are largely the same as those of an indifference curve derived from expected utility theory, where the willingness to pay for a risk reduction is expressed in terms of a sacrifice of income. Thus, predictions derived from expected utility theory will be used in section 5.1 to assess the validity of CA as a method for eliciting willingness-to-pay in this particular context.
A point of such an indifference curve corresponds to the maximum attainable utility under alternative t. In the indirect utility function , income Y and price p t determine the number of units of the good that can be purchased; times the per unit quantity of an attribute z t then gives the total quantity of an attribute . Therefore, the indirect utility function in a Lancaster framework may be written, .
The marginal rate of substitution between two attributes m and n is given by
One of the product attributes may be price (p t ). Denoting the n-th attribute as price, Eq. (2.1) indicates the MWTP for attribute m.
In empirical applications a vector of socioeconomic characteristics S is introduced into the function reflecting the variability of tastes across the portion of the population to which the model of choice behavior applies (cf. Ben-Akiva and Lerman, 1985) , resulting in .
The individual is always assumed to select the alternative with the highest utility. However, to the observer the utilities are not known with certainty and are therefore treated as random variables. Accordingly, the choice probability of alternative t is equal to the probability that the utility of alternative t, , is greater than or equal to the utility of alternative s:
where is the probability of the decision maker choosing alternative t.
In general, the random utility of an alternative can be expressed as a sum of observable (or systematic) and unobservable components of total utilities:
and Eq. (2.2) can be rewritten as
To derive a specific random utility model, we require an assumption about the probability distribution of the disturbance, ( ). Assuming that has a standard normal distribution, probit can be used for estimation of . Note that (assuming the indirect utility function to be additively separable) determinants of W that do not differ between scenarios s and t (in particular Y and S) drop out of the equation.
In the present context, the purchase decision is about whether to buy a hip protector or not.
The product attributes of such a hip protector are assumed to be protective effect, wearing comfort, ease of handling, and change of appearance, with out-of-pocket cost singled out. Utility (and therefore the likelihood of intent to purchase, referred to as 'purchase decision' henceforth) should be increasing in the attributes 'protective effect', 'wearing comfort and ease of handling'; it should be decreasing in the attributes 'out-of-pocket cost' and 'change of appearance'.
Data
Following a pretest, more than 500 personal interviews with individuals aged 70 and older were conducted at their homes in the Summer of 1998. Socioeconomic characteristics include age, sex, housing, education, income, dieting efforts, fitness and sportive activities. The questionnaire also covered subjective health, previous fracture of the femur, falls, fear of falls, and general preventive behavior.
The attributes of the hip protector were tested for their relevance in a pretest. It turned out that the dimension 'appearance' was judged unimportant by a clear majority. Moreover, interviewers reported that 'ease of handling' and 'wearing comfort' constitute two different attributes. Product price was deemed very important by a majority, with few refusals. This is amazing because Swiss social health insurance has a very comprehensive benefit package; this may make individuals believe that health care services are costless. Therefore, it had to be expected that respondents would refuse answering this question, pointing out that hip protectors should be offered free of charge. The importance of the retained product attributes was again ascertained in the field survey. As shown in Table 3 .1, a majority of respondents judged all of the four attributes to be very important. In view of the much more clearcut results of the pretest and the marked gap between 'appearance' and the other four attributes, deleting this dimension from the purchase decision can be justified.
The retained attributes 'protective effect' (PROT), 'ease of handling' (HAND), 'wearing comfort' (COMF), and 'out-of-pocket cost' (COST) jointly define a number of scenarios.
Since the first three have 3 levels each, while COST has 4, this number amounts to a total of 108 (=3*3*3*4) possible scenarios. Obviously, it would not be feasible to present each scenario separately and get respondents to state their preference. Techniques have been developed to reduce the number of possible scenarios while still being able to infer utilities for all combinations of levels of the attributes (Backhaus et al., 1996; Addelman, 1962) . Using the ORTHO-PLAN procedure programmed in the software package SPSS, the design was reduced to 23 scenarios. These 23 variants were split in two lists featuring a different sequence of presentation of the hip protectors to avoid boredom and bias on the part of respondents. With regard to each variant, respondents had to indicate whether or not they would buy the product (PUR-CHASE). In view of the fact that these individuals still live independently in their homes, which requires good health, it had to be expected that interest in the hip protector would be rather limited. Thus, the group selected poses a challenge because their MWTP for risk reduction is likely to be small or non-existent.
Concerning the problem of non-response, the relative simplicity of CA should be reflected in a low rate of refusals to answer the pertinent questions. Indeed, the purchase decision question had a low rate of non-response (4 individuals). However, particular items are associated with a higher rate of refusal, viz. income (roughly 50%).
In Table 3 .2, descriptive statistics with regard to the dependent and explanatory variables are reported. With a mean of 0.22, the dependent variable PURCHASE is somewhat clustered.
The hip protector is represented by four product attributes. A higher value corresponds to better protective effect, more ease of handling and wearing comfort, and more out-of-pocket cost.
The remaining variables represent income, education, and initial risk. Conjoint analysis is designed to mirror everyday choices, which are between products of well-defined but varying attributes and prices. Accordingly, the questionnaire also contained an item concerning the ease with which the purchase questions were answered. A considerable majority (71%) indicated that it was easy or very easy to make the decisions. Again, this result was not necessarily expected in a sample of individuals of high age.
Conclusion 3.1:
In view of the age bracket addressed, the field survey was successful in eliciting responses to a series of purchase questions that were of acceptable difficulty for participants.
Specification tests
In this section, three specification tests are reported. The first concerns the scaling of the variables reflecting product attributes. The second is devoted to the choice of utility function.
Finally, the derivation of the final model is documented. Since each respondent had to value 11 or 12 different hip protectors, the data are of the panel type. For this reason, a random effects probit specification is used, assuming responses of a given individual to purchase questions to be correlated, while answers provided by different individuals to be uncorrelated.
Scaling of product attributes
The scaling issue concerns three product attributes, the protective effect of hip protectors (PROT), their handling (HAND), and comfort in wearing (COMF). The discussion will focus on PROT, dealing with HAND and COMF more concisely.
The protective effect of hip protectors was scaled using three values in the survey, with the risk of fracture of the femur being reduced by 50%, 75%, and 100%. However, a linear representation of product attributes would simplify the calculation of MWTP values considerably.
Therefore, two tests for linearity were set up. First, a Wald test was used to test for linearity of the coefficients of a dummy variable representation of PROT. Second, the model including PROT as dummy variables was compared to a model with a linear specification of PROT, using a likelihood-ratio test.
The evidence suggests that a linear representation of PROT is compatible with the data, as the effect of a risk reduction from 0% to 50% cannot be statistically distinguished from the reduction from 50% to 100%. Also, a risk reduction from 50% to 75% and one of 50% to 100% have effects close to 1:2 according to the data. Therefore, the linear representation of PROT may be retained, permitting the construction of an average value of PROT and hence the calculation of MWTP at the sample means.
The same tests for linearity were used for the product attributes handling and wearing comfort. Results clearly suggest that a linear representation of HAND and COMF is compatible with the data.
Choice of utility function
The conclusion reached in the preceding section is still conditional on a linear indirect utility function being an acceptable approximation to the true one. A popular alternative is the quadratic utility function (cf. Peckelman and Sen, 1979) . In view of the orthogonal design imposed, the utility function to be tested contained no interaction terms (cf. Gegax and Stanley, 1997) . Results indicated that the quadratic terms were not significant at conventional levels, with the one exception of cost. However, the estimated coefficient of (COST) 2 turned out so small as to make the linear alternative, evaluated at the mean cost, undistinguishable from the quadratic. A likelihood ratio test indicated that the exclusion of all quadratic terms does not entail a significant loss of explanatory power. Therefore, an indirect utility function linear in product attributes seems to serve as a sufficient local approximation to its true counterpart (which merely needs to be quasiconvex in price).
Derivation of final model
Up to this point, the specification tests involved only the product attributes because individual characteristics should be irrelevant in the choices analyzed. The hypothesis that the marginal valuation of product attributes should be the same across scenarios receives support from the left hand side of Table 4 .1, where the great majority of the relevant coefficients lack statistical significance.
The performance of the income variable is of particular importance in this context. A test of its significance in the regression produces a z-value of -1.06, indicating that income does not influence the decision to purchase a hip protector. Dropping INCOME from the list of regressors has two major advantages. First, since this variable had missing values in 50 percent of the cases, sample size nearly doubles, permitting more precise statistical inferences. Second, retaining only observations with income reported could have been the cause of sample selection bias. With income irrelevant, there is no need to exclude observations from the usable sample, implying that the selection problem loses its relevance. As shown on the right hand side of Table 4 .1, the remaining individual characteristics lack statistical significance as well under these conditions. This finding is in agreement with theoretical predictions.
Thus, the final model (shown in Table 4 .2) contains only the four product attributes in linear form, including cost. All coefficients are highly significant, and their signs conform to theoretical predictions. Finally, the dispersion indicator says that almost 90 percent of the time (see also the out-of-sample test of section 5.3) predicted and actual choices coincide.
Results
In this section, MWTP for risk reduction is calculated and differences for sample segments are reported, using the estimates of the final model as presented in Table 4 .2. Such differences are of interest from two points of view. First, they provide a test of standard theoretical predictions. Second, from a policy perspective one may want to identify groups whose MWTP for risk reduction is particularly high.
Results of theoretical interest
The calculation of MWTP for risk reduction is based on Eq. (2.1). Since the indirect utility function is linear in its arguments, the marginal rate of substitution between the protective Ryan, 1995, p. 261f; Ben-Akiva and Lerman, 1985, p. 194f;  an alternative approach is to include interaction terms). Thus, the purchase equation was estimated separately for low and high incomes. Indeed Table 5 .1 shows that MWTP for risk reduction is positively related to income, a result in accordance with theoretical predictions. should be directly related to π. In the case of FOOD, however, preventive effort is directed at health in general, making this indicator a less informative one with regard to π. Gender, defining unambiguously a potential target group for intervention, is taken up in the next subsection.
When using AGE as the indicator of π, the theoretical prediction is that MWTP should increase with age because π strongly increases with age (cf. Sattin et al., 1990; Cöster et al., 1994; for Switzerland: Hubacher and Ewert, 1997) . As Table 5 .2 shows, this prediction is largely borne out, although the overall increase is not statistically significant according to conventional significance levels. Thus, an individual aged 85 and more is prepared to pay some US$4.4 per percentage point of risk reduction. For such an individual, a hip protector offering complete protection cet. par. would have a value of US$218 over a model offering only 50 percent protection. However, other product attributes may turn WTP for the product as a whole into a negative value, as shown below.
Finally, FALLS might constitute an objective indicator of risk. However, an increasing number of previous falls was not related at all with the MWTP for risk reduction.
With regard to prevention, the indicator FITN clusters so strongly in one response category (no effort for fitness) that its effect on MWTP can only be identified w.r.t. two samples of respondents, viz. individuals with and without preventive effort. For the other prevention variable FOOD, a segmentation into four categories is possible. The two indicators turn out to be negatively related to MWTP for risk reduction (cf. Table 5. 3). Apparently, the more preventive effort an individual undertakes (hence lowering the initial risk π), the less he or she is willing to pay for risk reduction.
Conclusion 5.1:
Based on final model estimates, there is limited evidence suggesting that increased income and initial risk go along with a higher MWTP for risk reduction, as predicted by theory. This speaks in favor of the validity of Conjoint Analysis as a method for measuring willingness-to-pay for risk reduction.
Results of policy relevance
For policy purposes, easy observability of variables determining MWTP and WTP for the product as a whole is of prime importance. On this account, AGE, SEXM, EDUL and EDUH and possibly INCOME qualify. Differences in MWTP for risk reduction according to age were discussed in the previous section, where age was interpreted as an indicator of initial risk. At this point, gender differences are taken up with a view on policy. In the relevant literature it is an established fact that women are roughly twice as likely to suffer a fracture of the femur than men (Johnell et al., 1984; for Switzerland: Hubacher and Ewert, 1997) . To the extent that women are aware of this difference, they should exhibit a higher MWTP for risk reduction then do men, suggesting that they might contribute a designated group for policy intervention.
However, Table 5 .4 shows that MWTP of women is substantially less than that of men.
Detailed analysis of the data shows that those (few) women with high incomes exhibit a higher MWTP than do men at that same income. These observations are compatible with the view that women in the lower income groups have an information deficit with regard to risk. This should be taken into due account in any campaign designed to prevent fracture of the femur.
An interesting question from the policy point of view is the amount of WTP for the product as a whole. Only if WTP > 0 can one expect a purchase of the hip protector; however, this does not guarantee that it will actually be worn. Conversely, if WTP<0 then the protector will neither be purchased nor used. Assuming that the final model is correctly specified (see section 4), the constant may be interpreted as indicating a basic preference for the product. From this benchmark, one may integrate the MWTP over the four attributes distinguished to obtain WTP for the product as a whole. As shown in Table 5 The negative WTP observed raises the issue of future product development and provision of information to potential users. As can be gleaned from Table 4 .2, one increment on the scale of COMF (4 levels) is worth US$151 (=0.6628/0.00293 in Swiss francs, exchange rate 1.50).
In the case of 'ease of handling' (HAND), this figure amounts to US$76. For ensuring comparability, PROT (range 0, 100) has to be increased by 25 points, which is worth US$80. Therefore, assuming equal productivity of R&D efforts, these efforts should be directed at improved wearing comfort. Also, information about improvements in this attribute may prove of particular importance for encouraging the purchase and use of hip protector.
Conclusion 5.2:
The extrapolation from MWTP to WTP results in predominantly negative values for the great majority of hip protectors. Thus, abstracting from the possible external effects of a fracture of the femur, inclusion of the product in the benefit package of social health insurance cannot be advocated.
Out-of-sample test
An out-of-sample test was performed by applying the estimation results of basic model to roughly 2,000 purchase decisions not used in the estimation. As shown in Table 5 .6 below, it was possible to predict stated intentions to purchase correctly in 84.2% of all cases and stated intentions not to purchase, even in 97.9% of all cases. This suggests the specification tests performed were not seriously misleading due in particular to problems of overfitting. More generally, this high degree of accuracy supports the notion that conjoint analysis may have some merit as a method for measuring willingness-to-pay for both marginal variations of product attributes and for the product as a whole. It may be worth emphasizing once more that in the present context, respondents were asked to trade off risk reductions against several (rather than just one) other product attributes. 
Conclusion 5.3:
The stability of results obtained from an out-of-sample test confirms the usefulness of conjoint analysis as a method for measuring willingness-to-pay for risk reduction even when traded off against several other product attributes..
Discussion and conclusion
As is well known, individuals have difficulties when dealing with probabilities. This implies that measuring the marginal willingness-to-pay (MWTP) for a reduction of risk involving a changed probability may pose a particular challenge, especially when weighed against several other product attributes. In this paper, an attempt is made to determine MWTP for a hip protector that promises to considerably reduce (and even eliminate) the risk of fracture of the femur.
This investigation faced a few additional challenges. First, the individuals concerned probably are not only interested in the aspect of risk reduction but may consider other aspects of the preventive effort involved, such as the discomfort caused by wearing such a protector. Second, such a protector being a novel product, there was little guidance with regard to the choice of the relevant product attributes beyond risk reduction. Third, the population at risk is of high age, which may be considered an obstacle to a consistent expression of individual preferences.
Fourth, social insurance benefits being very comprehensive in Switzerland (as in most industrial countries), it is not evident that it is possible to elicit expressions of actual willingness-topay (WTP). Applications of conjoint analysis with risk reduction included among several product attributes have been few to this date. Given this background, an application of conjoint analysis to the valuation of a risk reduction while controlling for other product attributes may be of some particular interest.
In this study the relevant product attributes were established in a pretest and the choice checked once more in the field survey. The relevant attributes turned out to be protective effect, ease of handling, wearing comfort, and out-of-pocket cost. Conjoint analysis requires respondents only to indicate whether they prefer one scenario over another. Moreover, it was possible to use the status quo as the reference scenario, permitting to couch this ranking in terms of a decision to purchase the product. These features contributed to keep the rate of refusals to participate in the interview low, resulting in a usable sample of some 500 interviews. Based on random utility theory, a binary purchase decision equation was specified and estimated using probit. Several tests were performed w.r.t. the scaling of the attribute variables, the linearity of the utility function used, and the derivation of a final model. All product attributes proved statistically significant in the purchase equation, and MWTP for risk reduction was consistently positive. Theoretical predictions were confirmed to a considerable degree in that individuals exposed to a higher initial risk and having higher income may exhibit a greater MWTP for risk reduction.
Extrapolating from MWTP, a willingness-to-pay for hip protectors as a whole could be estimated. However, only 3 out of the 25 variants distinguished evoked a positive WTP, while mean WTP is substantially negative (some US$-156 evaluated at the mean levels of attributes).
This estimate proves to be reasonably robust to the choice of specification of the statistical model.
The policy implication of these findings are clear. While individuals are interested in risk reduction in the context of fracture of the femur, they are willing to trade this off against other product attributes, specifically against wearing comfort in the case of a hip protector. Indeed, it was possible to identify 'wearing comfort' as the attribute with the highest MWTP, exceeding that for risk reduction. However, most product variants available do not offer a sufficient amount of comfort to be met with positive WTP for the product as a whole. This also implies that even if given a protector free of charge, recipients would be unlikely to actually use it.
This militates against the inclusion of the device as part of the benefit package prescribed by social health insurance, unless one is prepared to credit it with important positive externalities.
The major result of the study is the applicability of conjoint analysis in a setting fraught with considerable difficulties. There is evidence that risk reduction can be included among a whole set of product attributes and that respondents are able to express trade-offs against several attributes through their purchase decisions. This commends conjoint analysis for research in health economics, where frequently new products with additional product attributes become available, and which may to be traded off against the primary objective of reduced health risks.
